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The LHD helical coils have been operated below 90% 
of the design current because nonnal-zones have seldom 
propagated at almost the same current. It is planned to 
improve the cryogenic stability by lowering the inlet 
temperature. In order to estimate the effect, a model coil, as 
shown in Fig. 1. was made of the same conductor as the 
helical coil. The middle tum of the first layer is the testing 
region. Liquid helium is supplied from the bottom of the 
coil and exhausted through the coil-leads pipe. The inlet 
helium is subcooled by a pre-cooler. The first stability test 
was carried out in December, 2002[1]. However, the heat 
load to the coil was much high because an inner vessel of 
the cryostat must have been still wann. Then, the model 
coil was covered by a thermal shield with multi-layer 
insulators, and the second test was carried out in October, 
2003. The heat load was reduced to 7 W from about 20 W. 
A normal-zone was initiated by a tape heater inserted 
between the conductor and the layer to layer spacer. The 
minimum currents to begin propagation are 10.6 to 10.8 kA 
in saturated helium at 0.12 MPa, as shown in Fig. 2. It 
becomes the higher at the lower temperatures. It is raised 
up to 11.7 kA at 3.5 K of the coil temperature. At a little 
higher currents than the threshold, nonnal-zones propagate 
to only the downstream side of the current. A finite 
nonnal-zone propagates with recovery from the upstream 
side. At the higher current, a normal-zone propagates to 
both sides. The upstream propagating velocity is almost 
half as downstream. In the cases of 11.1 to 11.3 kA in 
saturated helium at the first test, the upstream propagation 
stopped within a half tum, and recovery staned there. In the 
cases of 11.4 and 11.5 kA, even the upstream propagation 
continued to the next tum, the recovery started from the 
upper area in the initiated tum. Namely, finite length of 
normal-zones propagated to both sides. At 11.6 kA, 
recovery started once from the initiated tum, but the 
counter propagation was followed widely. The cooling 
condition must have been deteriorated by accumulation of 
helium bubbles. In the case of subcooled helium, the 
counter propagation was occurred at higher currents in 
even the one-side propagation. Besides, the necessary heat 
input in subcooled helium is also increased by 10 to 20% 
than in saturated helium. 
In saturated helium, the current for propagating over a 
half tum was raised up to 11.2 kA at the second test from 
10.7 kA at the first test. The current for propagation to both 
sides was also raised up to 11.5 from 11.1 kA. Its reason is 
not clear, but the amount of bubbles by steady heat load is 
possibly coricerned. Unfottunately, it is difficult to measure 
the quality of saturated helium. Careful consideration is 
necessary to compare the model coil with the LHD helical 
coils. Figure 3 shows the currents for propagation of a 
normal-zone in the LHD and the model coil. The operating 
current of the LHD helical coils is expected to be raised up 
to 12.0 kA by lowering the temperature of cryogen inside 
the coil to 3.5 K. 
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Fig. I. Schematic drawing of the model coil. 
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Fig. 2. Minimum heat input for the propagation of a 
nonnal-zone in the model coil in the first (a) and second 
cool-down (b). 
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Fig. 3. Minimum current for propagation of a nonnal-zone 
in the conductor for the LHD helical coil. 
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